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Module Description

2 This module will demonstrate sustainable and resilient nutritional solutions aimed at the
highest possible fish performance in the framework of a safe and sustainable aquaculture.

2 It will cover innovative, species-specific nutritionally adequate, tailor-made, low ecological
footprint fish diets and their nutritional impact on farmed fish growth performance, health and
quality for a better performing sustainable and organic aquaculture.

2 In addition, the module will highlight how the understanding of the impacts of environmental
change and human activity on farmed fish can be greatly enhanced by the use of Internet of
Things.

2 Indeed, the knowledge of life traits, such as fish behavior, condition, physiology and the farming
environment will be significantly improved by using electronic sensors, providing industry with
information needed to facilitate health/welfare and optimal management practices.

2 The module builds on the basic knowledge of fish biology, physiology and biochemistry.
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Module Description

The module is organized in four sessions:

= Session |

Fish nutrition in aquaculture
= Session |l

Internet of Things for healthy fish and environment

Innovative fish feeds for health fish for a healthy
human consumption

> Session Il

2 Session IV - Metabolic traits of free-swimming fish in aquaculture

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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At the completion of this module participants will be able:

Learning objectives

1. 3.
To be acquainted with understand To comprehend the relationship
the role of nutritional research in between innovative fish feeds and
sustainable and organic aquaculture nutrition for the production of a healthy
2. fish a.
To explain how Internet of Things To understand how the measurements
(loT) can contribute to precision of fish metabolic rates have been proven
livestock farming, by enhancing to be sensitive for monitoring welfare &
animal welfare, but also production performance in farmed fish

and environmental sustainability

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Module Outlines

1 Introduction/background  Knowledge gaps; Key concept

2 Session | Fish nutrition in aquaculture;
Basic issues in fish nutrition; Essential nutrients, micro-macronutrients and nutrient
energy; Fish species-life stages-specific nutritional requirements; Digestion,
absorption, metabolism and biochemical function; Fish growth and physiological
functions.

3 Session |l Internet of Things for healthy fish and environment:
State of the art of sensors technologies; Precision livestock farming; Fish tracking;
Environmental monitoring; Data modelling.

4 Session llI Innovative fish feeds for health fish for a healthy human consumption:
Feed ingredients, raw material quality, diet formulation, feed manufacturing and
technology, feed efficiency, feeding management, novel sustainable fish feeds.

5 Session IV Metabolic traits of free-swimming fish in aquaculture:
Measure of swimming performances (Ucrit); Estimation of metabolic rates;
red and white muscles activation pattern; Calibration of MO, with the acceleration.

6 Glossary

7 References
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Knowledge gaps

2 The fish farming industry needs instruments that can monitor in real
time fish health and welfare objectively, without killing or disturbing
the fish or interfering with the daily management.

2 Modelling key performance indicators to forecast growth
performance and mortality by using physiological and environment
parameters would be a further step forward.

2 Feeding the future farmed fish by formulating sustainable/ecological
feeds and providing the dietary essential nutrients to meet the
species-life stage-specific nutritional requirements to promote
optimal growth and health.

2 Understanding the dietary supply line of essential nutrients in
relation to their bioavailability to obtain the best feeding strategy
for farmed fish

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Key concepts

© The contribution of precision livestock farming to enhance animal
welfare, but also production and environmental sustainability.

2 The knowledge of fish metabolic rates to improve welfare &
performance in farmed fish.

& Critical thinking in nutrition and the knowledge of fish nutrition

2 The evaluation of the formulation of ecological, tailored-made
species-life stage-specific fish diets

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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SESSION I: Fish nutrition in aquaculture

By Elena Mente - Aristotle University of Thessaloniki
Email: emente@vet.auth.gr
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As a general principle in nutrition of farmed
aquatic animals

Feeds should meet all nutritional requirements of
the organisms, promote animal’s well-being, health
and growth, ensure high quality of the final product
and have low environmental impact.

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Nutrition:

e the provision of all indispensable nutrients in adequate amounts to
insure proper growth and maintenance of body functions

* involves various chemical reactions and physiological
transformations which convert feed into body tissues and activities

* involves ingestion, digestion and absorption of various nutrients

e transportinto cells

e removal of unusable elements and waste products of metabolism

Nutrition

Nutrient: nutrients are chemical compounds in feed that are used by the
animal organism to meet its physiological function, grow and
maintain health

Essential nutrient: provided in the diet in order to insure adequate
growth and maintenance.

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Nutrition

Nutrient categories: macro and micro

-macronutrients: protein, lipid, carbohydrate, etc.
-micronutrients: trace metals, vitamins, amino acids, fatty acids

Nutrient requirement: The amount of each specific nutrient that fish

needs to sustain all its physiological functions for

growth, reproduction while maintain a healthy
life.

proteins: g/kg vitamins: ug/kg

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Fish nutrition

For feed producers?

The formulation of tailored made species-specific, low cost,
environmentally friendly diets

For farmers?
The optimization of feeding to promote the best fish growth

For the researches/students?

The evaluation of the long-term effects of novel diets to meet fish
nutritional requirements and physiological functions and obtain the
best fish growth/health performance

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Fish nutrition
Human population is continuously growing
1990 PTPTRPPRPPFPP 53billions

2017 TRPHP #§ % 7.6 billions

2030 w w 'H‘ w |i‘ 8.6 billions

2050 PPPTPRRPRP 98bilions
2100 Wwwwwwwwwww@w@wwwwwwww

Population Division of the Department of Economic and Social Affairs of the United Nations Secretariat (2007)
AQUACULTURE IS THE FUTURE
ood-Feeds
By 2030, nearly two-thirds of all seafood
produced for human consumption will come
S rC u S S n t u I from aquaculture [World Bank].
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Nutrient composition of different foods |protein " IFat [ kcal/100g
Aquatic plants 1 I ainly polyunsaturated 54.0
Cephlapods frozen mega-3 fatty acids 74.0
Molluscs frozen E— 71.0
Crustaceans frozen I_ 91.0
MaruTe f-ISh nes fillet — 115.0
Pelagic fish fillet 5 141.0
Demersal fish fillet I 90 0
We are w h at Freshwater/diadromous fish fillet 12'7 0
the flsh eats Main;y saturated 610
o il omega-6 fatty acids 13'9 5
Hens egg 185.0
Poultry meat )
Turkey meat 126.0
oI 326.0
ig meat
Muttton & lamb 263.0
Duck meat 291.0
Chicken meat 122.0
Beef boneless 0 10 20 30 40 50 150.0

Tacon & Metain (2013) g/100g
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Fish nutrient requirements

The amount of each specific nutrient that fish needs to sustain all its
phy5|olog|cal functions for growth, reproduction while maintain a healthy life.

2 The requirement of one nutrient often depends on the quantity and
interaction of another nutrient (i.e. optimal histidine/lysine ratio)

2 The nutrient requirements depend on: fish age/body mass, temperature,
rearing system, fish species- freshwater/marine, coldwater/warmwater

2 The nutrient requirements estimates are independent on the amount of the
other nutrient if the levels of that nutrient is not limiting (i.e. minimise the

impact of nutrient interactions and ensure that they are not limiting,
nutrient-based models)

2 Values in nutrient requirement tables don’t allow for processing or storage
losses

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Fish nutritional value

Nutritional composition & potential health value depends upon:

- Species & part consumed (fillet, whole, head, offal), - Source (wild, farmed, marine, freshwater)
- Country of origin & method of production, - Cooking method prior to consumption ,
- Nutrient composition of the feed used (if farmed)

EPA (omega-3)
Vhiaiah Vitamin D
ot - Vitamin B12

Maximum nutrient &
health benefits

lodine

.. Phosphorus, Magnesium, Manganese, Fluorine, Folic acid, Choline &
Vitamin E ..

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737




Amino acid
flux model

Mente, E., Houlihan,
D.F. Coutteau, P. and
Sorgeloos, P. (2002).
Protein turnover,
amino acid profile and
amino acid flux in
juvenile shrimp
Litopenaeus
vannamei: effects of

dietary protein source.

Journal of
Experimental Biology,
205: 3107-3122.
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Food consumption

0.22_ mmol
Feces
. 0.02 mmol
Absorption
0.20 mmol
Free amino acids (pool) ’ Losses
0.25 mmol N 0.08 mmol

Protein degradation
0.01 mmol

Protein synthesis
0.13 mmol

Protein (pool)
0.471 mmol

Growth
0.12 mmol

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Fish digestive physiology

mouth | oesophagus stomach

trout s
carnivore

EEEmEEES

catfish b

omnivore

sszammme

carp

omnivore ) : - -

milkfish

E

planktivore

CLLLEEE LT

A

LLEEELE]

pyloric
Caeca

Figure 4.1 The digestive systems of four fish described in the text, arranj
order of increasing sut length. (a) Rainbow trout (carnivore). (b} Catfish
Commnivore emphasizing animal sources of food). (<) Carp (ommnivore,

emphasizing plant sources of food). (d) Milkfish (microphagous planktivc
(From Smmith, 1980.)
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Energy metabolism of farmed fi

urine and
gill excretions

"NE'

growth fat - DE

sexual products |

heat of -ME
nutrient metabolism (SDA)

s
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voluntary activity Hp

energy

weight loss
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1
!
i
: standard metabolism

" maintenance _-—=
1

r level of feeding

Fig. 1.2

Energy intake and distribution among energy-requiring processes. (From Smith, In
““‘Studies on the Energy Metabolism of Cultured Fishes’’, 1976 Thesis, Cornell
University.)
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Fish digestive physiology
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: : A Challenge: Differences in amino acid

Te e 2 e 2 "0 sz s up-take pattern between fishmeal (FM)
Fig. 2. Protein synthesis (%/d) in (a) liver and (b) white muscle of sea bream

before feeding and at different times after feeding. Values are means, with a nd pla nt meal (P M) based d iets

their standard errors represented by wertical bars (n8).

The fish liver has a high capacity to
compensate for some nutritional imbalances
in order to optimize white muscle protein
turnover and prioritise protein growth.
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Fish energy budget
I=M+G+E
where: | = ingested energy e Standard Metabolic Rate
M = energy expended for metabolism — maintenance; no growth, no
G = energy stored as growth activity
E = energy lost to environment ® Routine Metabolic Rate

— routine growth & activity
-Feed quantity-quality ",’J ® Active Metabolic Rate
-Feed conversion and economic conversion — max. aerobic metabolism
-Feeding costs Nutrie'ntN
-Temperature . /r_etentlon\
-Waste solids N, P )\’ M =

Nutrients
intake

Nutrients

-Oxygen consumption
digestible

-NH; and CO, production

Nutrients
loss
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SESSION II: Internet of Things for healthy fish and environment

By Giuseppe Lembo and Sebastien Alfonso — COISPA Tecnologia & Ricerca
Email: lembo@coispa.it
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Internet of Things (loT) is the
network of physical objects or
«things» embedded with
electronics, software, sensors,
and network connectivity,
which enables these objects to

collect and exchange data.

Soon to be the
internet of fish?

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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2 Understanding the impacts of environmental change and human activity
on farmed fish can be greatly enhanced by using electronic sensors.
Indeed, many questions can only be answered through this approach.
Electronic sensors are significantly improving our understanding of fish
behaviour and are emerging as key sources of information for improving
aquaculture management practices.

2 Enhanced environmental (e.g. oxygen, temperature, salinity, pressure) and
biological (e.g. behavior, activity, energetic, feeding physiology) sensor
data, collected by a network of wireless electronic sensors, can provide
accurate fine-scale real-time measurements of environmental conditions,
fish health, welfare and habitat use, average fish size and biomass, thus
facilitating predictive modelling of the rearing performances and impacts.

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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CIM
Here you can see a 5 min video on the use of "
physiological and environmental sensors

applied to the aquaculture sector

Using physiological and environmental se Water quality
applied to the acqu__agulture sector

Swimming acitiity

— Physiologica| markers
@

——

Cloud Server

Feedback / Decisions

Real-time interaction between
farm and farmers

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Fish tracking

2 In their most basic form, electronic sensors and tags may include radio or
acoustic beacons that transmit signals, which can bring specific codes to
identify animals, and allow them to be tracked using receivers that detect
the transmitted signals (Lennox et al. 2017). Basic archival tags must be,
instead, physically recovered in order to obtain the data.

© Because the strength of radio signals, regardless of the longest
wavelengths, rapidly attenuate in seawater, acoustic transmissions is
preferred for fish tracking in marine environment (Lembo et al. 2002),
while radio transmission is commonly used in freshwater environment.
More advanced tags incorporate sensors that measure and record a suite
of environmental and/or biological parameters of fish (Cooke et al. 2016).

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Fish tracking

< Accelerometer pressure tags transmit 3D acceleration of fish as they

move within the receiver array, and also transmit depth data. The fish
acceleration signal is measured in terms of m/s? and it is a vector
quantity that is a result of measuring acceleration on 3 axes (X,Y,Z). This
acceleration value can be used as a measure of activity of a free ranging
animal in nature or captivity. Accelerometer tags can be used in a
number of applications that require any measure of animal activity.
Applications may include measuring swimming speed via tail beat
acceleration, detecting mortality through predation, seismic blasting,
toxic spills, feeding events, spawning activity, nocturnal/diurnal activity,
wave action and activity responses to changing oxygen, salinity and
temperature in the environment.

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Fish tracking

2 Heart tag simultaneously monitors heart rate and temperature in
the fish. The data logger has no external wires, which makes it
especially simple to implant. It is made of unigue ceramic housing
and epoxy and is hermetically sealed, guaranteeing
biocompatibility. The logger is ideal for monitoring behaviour and
stress response of the fish. The heart rate is derived from a leadless
single channel ECG. The logger takes a burst measurement of ECG
at the set time interval and calculates the mean heart rate for each
recording. For validation purposes, individual ECG bursts can be
saved.

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Fish tracking

& Electromyogram tag measures muscle activity using probes inserted
into the musculature of the fish. The tag provides a powerful
guantitative estimate of the energetic costs associated with physical
activity. High impedance EMG signhals are processed through an
integrator, digitized and then a coded radio sequence is transmitted
representing unique identity and data. Electromyograms (EMGs) are
records of bioelectric potentials that are strongly correlated with the
strength and duration of muscle contractions. Indeed, EMG values
averaged over time can be used directly as quantitative indicators of
the intensity of fish activity.

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Camera-based biomass estimation systems

Stereo image analysis requires two images of an object from different
viewing angles and matching a point in one of the images to a
corresponding one in the other. The 2D coordinates of that point can then
be used to estimate its 3D coordinates.

Making 3D measurements comes down to accurately identifying and
matching pairs of points between the two 2D images.

\Y 4
1 Object space
coordinate

system

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Biomass estimation systems: challenges

» Lighting Conditions

» Specialized Underwater Case must be considered for such systems
» Water Turbidity / Salinity affects the accuracy of the system

> Fish Movement / Mobility / Orientation

» Fish specie-specific (due to different morphology)

> Power Consumption Requirements
+* Camera system continuously captures video
*¢* The Embedded PC constantly process data to detect the required patterns
¢ Even when harvesting systems (e.g. large solar panel) are employed the system cannot
operate 24/7, due to the high current expenditure
» Big Data Analysis

+* Such systems acquire a big volume of data, thus sophisticated policies must be followed
to successfully handle the data

+* Distributed Computing among different devices

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Environmental monitoring

2 Wireless sensor networks provide
end-to-end solution for farm
environmental monitoring,
including a cloud platform, a hub
and innovative sensors that
communicate wireless underwater.
These technologies enable data-
driven aquaculture farming where
knowledge drives better decisions.

© The available sensor options may
include oxygen, salinity, pH,
temperature, turbidity, chlorophyll,
blue green algae and other.

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Environmental monitoring

2 A cloud-based platform allows to view and analyse
data from the aquaculture sites in real time. The -
software provides a set of continuously evolving
analytics tools that allow to view data. Notifications
and alerts allow to receive crucial updates in real

time.

2 The hub is the core of the system, which keeps data
secure, safe and available. Utilizing a digital receiver
and a communications modem can support many
sensors within a large radius.

2 The hub can support many telemetry protocols for
cloud communications, including Cellular, Wi-Fi and
Iridium.

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Environmental monitoring & fish tracking

Live dashboard

\ '\I_ - =
Solar pannel I— Hub ——

U ( @ = j =

e Material:

- DO sensors (n = 3)

- Turbidity sensors (n = 1)

- Salinity sensors (n =1)

- Fish tagged with accelerometer tags (n = 8)

“MI L

lll . .'H J‘ I
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The whole system was tested at Kefalonia aquaculture farm
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Environmental monitoring & fish tracking

Animal Tracking

"% Ly5F o - s ” Ny
Satellite m Hide Markers ! . Y - HUB 1 R n
R ‘ j
. / ' A Animal Tags QREECh=MFEle Sl Ml e [ B 1401 I
/ - - UNIQU

ANIMAL DETECTION/COUNT

% -'_m. }jj:m
4 r : Tue: Wed Thu Fri Sat Sun  Now

| = FISH_M : FISH_08 = FISH_O3 = FISH_O7

© 4 = © 4 =1 © 4 = © 4 =1

557 On1Hub  5mins 598 On1Hub 6Mns 3.3 m 577 On 1Hub  6Mmns 597 On1Hub 6Mns 3.5 m

Here and in the following two slides: some images of the life dashboard of the monitoring system
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Environmental monitoring & fish tracking

Welcome Sébastien Alfonso!

Animal Tracking

Satellite | Map | Hide Markers
 ssteite | oo HUB 1
Reference Tags Hub Status ]

UNIQUE ANIMALS

FISH_O7 FISH_T1 FISH_08

<> 1 @ 2 1 @ ] @ ] @

21m 2.2m/s? 2MINS 1.8m 1.3 m/s? 59m 1.7m/s? 45m 0.8m/s

670849 - DO / 680198 - SALINITY 682033 - TURBIDITY / )

35.7!‘/::1; 25.7"(: ‘ "SMU 25.7"(:

2 Minutes Ago 670849 5 Minutes Ago 580198 6 Minutes Ago
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Environmental monitoring & fish tracking

Dissolved Oxygen & Turbidity

aquaMeasure-670846(DissolvedOxygen)
aquaMeasure-670852(DissolvedOxygen)
— aquaMeasure-682033(Turbidity)
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Where are we? Where do we want to go?
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o \/\,\/\ Growth performances
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= /\/\/\/‘ Fish swimming activity
st/ v
@) Add of O, Early identification to prevent
health/welfare issue

Algorithmes / machine learning
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Click below to find more details on the wireless sensor
networks and technologies applied in the FutureEUAqua
project + a list of scientific literature, grey literature, web sites

Deliverable D5.1: State-of-the-art and future needs LI N K

N

/
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SESSION IllI: Innovative fish feeds for health fish for a healthy
human consumption

By Elena Mente - Aristotle University of Thessaloniki
Email: emente@vet.auth.gr

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737


mailto:emente@vet.auth.gr

facilitated by

ILI AnuA

CIHEAM
BARI

Nutrient sources from fishing activities

\?‘fjj- [T ] :.5 ;‘ ")ll .f/ éﬁ FiShmeaI
INNOVATIO Fish oil
D\i) %ﬁ 2 N_& @
Biotechnology
Select

raw materials
FM and FO, krill meal, squid meal
Mineral and Vitamin premix

. . microalgae
Novel ingredients .

*Pea protein Mi
ICrO-macro
*Yeast 40 essential nutrients
*Fermented soya
*Bacterial protein I
eYeast . . . .
Qo “Microalgae Nutrient sources from agricultural activites
' “ elnsects 08909 Plant meals, land animal meals, PAPs,

by products meals and oils,

*Tunicate meal
CO2 microbial feed ingredients
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Sea bass novel diets Salmon novel diets
Lower values Novel ingredients FutureEUAqua Salmon diet (3 mm) 3 sets of chemical analyses, one for ea
é o

group of materials used in the differen

| i fish trials:
< | | o

B SPC . .
Higher values Novel ingredients s 1) Salmon & sea bream trials: Fish meal,
Low FIFO o tunicate meal, black solder fry meal,

*Bacterial protein < e algal meals, biomasses and fish oil

*Yeast ”/’ea/ 2) Sea bass and sea bream trials:

*Microalgae . . .
J Conventional fish meal, fish meal

A- Conventignal FN-FO (% made from trimmings, krill meal,
A C: Conventional FM-FO

T: Trimmings FM-FO

bacterial protein, yeast protein, algal
meal, squid meal, pea protein
N: Novel ingredients rapeseed oil and fish oil, corn glute

wheat gluten, soy bean meal.

51.9 0.0 51.9
C: Novel ingredients (%) B: Organic FM-FO (%)

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737



CIHEAM
BARI

>
o]
©

[}

=

©
X
‘S
S

_H
=
[

-

'
Lel

Fish performance

-—Il

o

- —

N
) -
! . d
WL e
-

2885555
01381 UOISI3AUOD P34

Kousoulaki, Sveen, Krasnov, Johansson, Norén, Richardson & Espmark

ay
. o

//.

o
d
=

b

1%,

%.,

\%@- aydoiiesalay
/

- 04 W4 duedip

. st

185U
- a 19350

Feed intake

L
L gl
-
sedjeosniw %/ Jedjecsoiw

u_gao.;o._wyu:

J.xr/

14000

j= (=1
S ]
M ~
- -

11000

j=]
8
=

9000
8000

g 3
[=] [=]

(yuea/8) axejul paay aaneNWND

-l ﬁ — o

N~
| ...“. \ I e

b

b

aed|eoniw
ﬂ ---_fsggz

O40WN40
enbyn3aining

000T X291

FUTURE 7~
EURQUA

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737



facilitated by

FUAQURA

CIHEAM
BARI

Product quality, fillet protein
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Health (skin and fillet mineralisation) and quality
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Best growth and FCR for Conventional and
Trimmings mixture with moderate inclusion of
Novel ingredients
Conventional FM-FO (%) Conventional F-FO (%) Negative effects of exclusive inclusion of Novel

a1

ingredients possibly due to:

» Lower palatability (try palatability enhancers next)
= Lower digestibility

Ensure optimum mineral composition when use
novel non marine source ingredients (Low
haematocrit)

519 00 s1a

C: Novel ingredients (%) B - . welingredients (%) Trimmings FM-FO . . .
e e Lz)’“m'“g”"""m T More fat was accumulated in both intestinal and
Haematocrit (HCT) Liposomatic liver tissues of Conventional and Trimmings fed
(LSI) groups. Possibly related to increased feed intake

and final weight

The histopathological examination of the liver
showed minimal (steatosis) lipid accumulation for
Trimming mixture with moderate inclusion of
Novel ingredients
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Novel ingredients
mixture

Bacterial protein

= Yeast protein

67
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54,00
52,00
50,00
48,00
46,00
44,00
42,00
40,00

1,85
1,80
1,75
1,70
1,65
1,60
1,55
1,50
1,45

1,20

1,15

1,10

1,05

1,00
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Final weight

I I
46,33 49,67 50,33 46,94
Control Novell12 Novell7 Novel22

SGR

Control Novell12 Novell7 Novel22
FCR

Control Novel12 Novell17 Novel22

Trend observed for
higher final weight of
moderate inclusion of
Novel ingredients

Improved FCR at
moderate inclusion of
Novel ingredients




Fumiee
EUAQUA

Diet 1 0% Low FiFo

Diet 2 20% Low FiFo
Diet 3 25% Low FiFo
Diet 4 30% Low FiFo

Low FiFo for organlc diets

A A AN
A A A R o o o o o
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B R Ye a
R
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B

R
B
B s
R SRR
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R SRR
R SRR
R PR R
R A
A

R

R

A R RN

AR

A R

R R R R R R
R R R R R R

e S S R
B B R R R R

Higher growth performance for LFiFo25 diet
compared to control diet
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Rapeseed Oil
3%

Organic FO

5%\

Krill meal
5%

Algae meal
1%

‘Wheat Gluten
6%

Diet 1

Organic FM Krill meal
Organic FO 5% 5%
5%

Algae meal ™
1% Algae meal
1%

Organic FO

596\

Anterior gut, liver appears to have normal structure in all dietary groups
with normal distribution of goblet cells.
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Commercial diet

Commercial fish fillet taste Future fish fillet taste

FutureEUAqua diet

m Metallic u Metallic

= Sweet H Sweet

® Creamy H Creamy

" Fatty “ Fatty

B Neutral H Neutral
Commercial fish overall evaluation Future fish overall evaluation

® Marginally acceptable
M Pleasant

M Quite pleasant

W Very pleasant

m Extremely pleasant
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® Marginally acceptable
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B Extremely pleasant
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Fish gut microbiota and nutrition

Wwild Organic
. . . . . 9
Gut microbial diversity could be influenced 133 88
by nutrition or environmental factors 17
. . . . 5 12
but few studies on fish and crustaceans are available that experimentally
confirm this. Does the 40
ecophysiological role of Nonveniion
Futu reEUAqua these bacteria contribute

to nutritional differences
between the organic /
conventional farms?

* Do gut bacterial communities exhibit temporal shifts/diversity mostly
relating to temporal variations in food supply of nutrients?

* Which are the gut bacterial communities that could serve as providers of
essential nutrients to fish?

Diet is a major factor driving the composition and metabolism of the gut microbiota while gut
microbiota is actively involved in nutrient assimilation and immunity of the host organism.

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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SESSION IV: Metabolic traits of free-swimming fish in aquaculture

By Giuseppe Lembo and Sebastien Alfonso — COISPA Tecnologia & Ricerca
Email: lembo@coispa.it
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Metabolic traits of free-swimming
fish in aquaculture

|[i__;9a|_ il |

< Electronic sensors are significantly
improving the possibility to monitor fish
condition and are emerging as key sources
of information for improving aquaculture
management practices (Fgre et al., 2018;
Halachmi et al., 2019; Brijs et al., 2021).

2 Enhanced biological (e.g. behaviour, activity,
energetic, feeding physiology) sensor data,
collected by on-board electronic tags, will
provide accurate fine-scale measurements
of fish health and welfare during the
aquaculture production cycle.

(a)

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737  43mm
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Metabolic traits of free-swimming
fish in aquaculture

To this purpose, we firstly need to establish a baseline of information, for
each of the target species, regarding: i) muscular activity patterns linked to
oxygen consumption; ii) mass specific standard metabolic rate (SMR); iii)
maximum metabolic rate (MMR). Then, the calibration of critical swimming
speed (U_,;), electromyograms (EMG), oxygen consumption (MO,) with
accelerometer sensors gives the possibility to correlate each single
swimming level to a metabolic state or to an activity index expressed as the
EMG level. In particular, EMGs measure red (aerobic metabolism) and white
(anaerobic metabolism) muscle activity. The EMG level at the U_,,, speed
represents the threshold limit of the aerobic muscular activity. In this way,
the activity based energetic expenditure can be assessed and,
consequently, the fish physiological status, as well as the relative cost of
living for fish in their environment.

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Swimming performances and
energetic expenditure

2 The oxygen consumption rate (MO,) can be measured during exhaustive
swimming trials (U_,), carried out in swimming chambers to estimate the
energetic expenditure of the fish linked to the different swimming velocities.

& After the acclimatation of the fish in the swimming chamber, the swimming
tests are conducted by imposing a swimming speed ramp (0.1 m s'1) at constant
time intervals (10 min) until the fish reaches a state of fatigue (Carbonara et al.,

(https://www.loligosystems.com
/swim-tunnel-respirometer-3)

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Swimming performances and
energetic expenditure

Each water speed step is constituted of 3 steps: a 5-min step of “flushing”, 2-
min step of “waiting” and 3-min step of “MO, measurement”.

During the MO, measurement step, the oxygen concentration of the swim
tunnel water is recorded every second.

Slow speed swimming Fast speed swimming

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737



https://www.youtube.com/watch?v=LD2eZMb2qaQ
https://www.youtube.com/watch?v=j5filyGFGkw

facilitated by

CIHEAM
BARI

Swimming performances and energetic expenditure

The bioenergetics of the target
species (muscular activity patterns)
can be modelled, based on fish o001
mass and swimming speed, to
assess: i) the mass-specific
standard metabolic rate (SMR), ii) §, |
the active metabolic rate (AMR) %‘; ¢
§

200-400 g 400-600 g

4004

600-800 g | 800-1000 g

and iii) the scope for activity (SFA).
The numerical difference between
AMR and SMR indicates the

energetic expenditure available to
support all locomotor and 20— A
physiological activities (SFA). ELE |

T T T T T : T T T T T
0.00 0.25 0.50 075 1.00 0.00 0.25 0.50 075 1.00

Swimming speed (m s?)
FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Swimming performances and energetic expenditure

801 696.8—0.34* Mass P

b= “~ 9 MO, can be further calibrated, during the U_,, tests
et carried out in the swimming chamber, with the
< signals transmitted by the tailbeat accelerometer
% _. tags implanted to the fish (Alfonso et al., 2021).
f?i iy s ) £ MO, can be also calibrated with the EMGs signal
=" A "f_ received via two pairs of wire electrodes surgically
i} .. implanted in both the red and white muscle (Zupa
; & & et al., 2015).

Swimming activity (AU)

[y
N
o

2 In this way, the activity based energetic
expenditure can be assessed and, e 930
consequently, the fish physiological # ----- ; {’ ....... } e
status too, as well as the relative cost
of living for fish in rearing conditions. 0 02 04 06 08 .

Speed (m/s)
B Red muscle B White muscle

=
o
o

®.... R
b
rt"* -

©
(=]
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&

(=1
o

N B
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Sty

EMGs signal
Muscular activation (%)
o
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Swimming performances and energetic expenditure

0.1 m/s

0 TP antmypipanirapiiaiimertymires—

Red muscle

- \\hite muscle

0.6 m/s 0.8 m/s

Emg (mV)

Red muscle White muscle

_ Anaerobic activity
-2

0.0 25 5.0 75 10.0 0.0 25 5.0 75
Time (s)
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Tag implanting

Keep wet/moist
Fish are initially

anaesthetized using a
e | hydroalcoholic clove oil
\l‘i‘r‘;supply solution and gills are
continuously irrigated during
the surgery using a
maintenance level of
anesthetic.
Then the tagis inserted into
the body cavity, through a 1.5
cm incision, which is closed
using three independent
surgical sutures.

Lembo et al., 2007

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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bath
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Some results of the
experiments carried out
at Avramar aquaculture
farm and Kefalonia
Fishery aquaculture farm
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Experiment protocol

T, T, SENSOR DATA T,
l July 2020 l Dec. 2020 1 Summer 2021
Blood sampling Blood sampling Blood sampling
Organ sampling Organ sampling Organ sampling
Implantation of tag
TO T1 T2

Date 14-15/07/2020 | 24-25/04/2021 | 06-07/07/2021

Sample size 10 18 per condition | 20 per condition

Mass (g) 29.71+4.24 | 310.44 +128.75 | 379.94 £ 137.70

TL (mm) 137.34+6.15 | 290.97+33.21 | 316.58+38.48

t¢. AVRAMAR

Better Fish, Better Lives

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Experiment protocol
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20.09.2021 31.01.2022
| |

e | [ .

-12 -11-9  Start of experiment 89,93 and 94 128,130 and 131 End of experiment
(Day 0) (Day 133)

Legend:

. Morphometrics measurements

. Implantation of sensors

43 mm
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Acceleration recorded by sensors as a
proxy of energy expenditure

2.0

I I
0.03 1 .
Commercial diet Itommerual:

Innovative dwet

£ Innovative

a)

b)

-
4]
1

|
1
|
|
I
0.02- I
1
1
|
1

%2 AVRAMAR

Better Fish, Better

0.014

Acceleration (m/s2)
Frequency of distribution

0.04 0.00-

| L1
Day Night 0 100 200

Period Swimming activity (AU)

Conclusion:

a) Sea bass fed innovative diet tends to display lower acceleration over the experimental
duration (p=0,057).

b) At high levels of swimming activity fish fed commercial diet shows higher acceleration (tha
means higher anaerobic expenditure).

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Acceleration recorded by sensors as a
proxy of energy expenditure

| Control diet

@
s

8

8

Commercial diet
Innovative diet

¢¢. AVRAMAR

Better Fish, Better Lives

&
>

8

Estimated MO, (mg O,/kg/h)

N
{=]
(=
pr—
» ==
m——s
; "

Conclusion:

- Sea bass fed on innovative diet tends to display lower oxygen consumption over the

experimental duration, while sea bass fed the commercial diet tends to display lower
availability of energetic reserves.
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Imming activity pattern

Daily sw

M [-*]
5 5
i iC
8
B
Fe
0 ~ =
2 Al 2
o i) B [=]
w w w [—
oy
..- O
s g © g g
wﬁ M_ w_
5 5 5
w w w
o o & o o
e = 2 % 2
(Nv) Aiannoe Sutwwims

Hour

Hour

NIA

1

N =

[sa)

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737



facilitated by

f 7 &"' L f“
EUAQUA 2»

CIHEAM
BARI

Click below to find more details on how the measurements of fish
metabolic rates can improve aquaculture management practices, as well as
welfare & performance in farmed fish

Deliverable D5.2: Calibration of physiological sensors technologies LI N K

N

/
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Glossary

Nutrition: the provision of all indispensable nutrients in adequate amounts to insure proper
growth and maintenance of body functions; involves various chemical reactions and physiological
transformations which convert feed into body tissues and activities; involves ingestion, digestion
and absorption of various nutrients; transport into cells; removal of unusable elements and waste

products of metabolism.

Nutrient: nutrients are chemical compounds in feed that are used by the animal organism to

meet its physiological function, grow and maintain health.
Essential nutrient: provided in the diet in order to insure adequate growth and maintenance

Nutrient categories: macro and micro

-macronutrients: protein, lipid, carbohydrate, etc.

-micronutrients: trace metals, vitamins

Nutrient requirement: The amount of each specific nutrient that fish needs to sustain all its
physiological functions for growth, reproduction while maintain a healthy life.

proteins: g/kg vitamins: pg/kg

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Glossary

Critical swimming speed (U_,;,): the maximum sustained swimming velocity that various fish

species are able to sustain for prolonged periods.

Electromyograms (EMGs): measure the electrical activity produced by muscles. The red

(aerobic metabolism) and white (anaerobic metabolism) muscle activity.
Red muscles: are aerobic muscles mainly used when fish swims within low swimming speed.

White muscles: are mostly anaerobic mainly used in prolonged swimming at high swim

speeds, what eventually leads to fatigue.

Aerobic Scope — AS: also called Scope For Activity - SFA, is the numerical difference between
MMR and SMR indicates the energetic expenditure available to support both locomotive and
physiological activities.

FutureEUAqua project has received funding from the European Union’s Horizon 2020 research and innovation program under grant agreement No 817737
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Enjoy the module!

Elena Mente - Aristotle University of
Thessaloniki, Greece

Fish nutrition in aquaculture;

Innovative fish feeds for health

fish for a healthy human consumption.
Email: emente@vet.auth.gr

Giuseppe Lembo - COISPA Tecnologia &
Ricerca, Italy

Internet of Things for healthy fish and
environment; Metabolic traits of
free-swimming fish in aquaculture.

Email: lembo@coispa.it
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